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attitude of commercial publishers
towards scientific libraries is
much like that of the whaling
industry towards whales. Nobody
can be sure of how things will
shake down, and many past
predictions in the printing and
publishing industry (like the
paperless office) have been
conspicuously off-target. It isn’t
time to get off the fence yet.
Any strong views on journals
and the peer review system?
Peer review is a terrible system,
but better than the alternatives.
In an ideal world, removing
reviewer anonymity would be a
great idea, but there are enough
powerful vindictive people
operating in science to preclude
this. They are not numerous, but
it only takes a few...
What is your greatest
ambition? These days, to
discover or create something of
direct and unarguable utility to
society.
What do you think are the big
questions to be answered next
in your field? Complete
sequences for genomes, large
and small, are generating
boatloads of questions and
opportunities, which will keep us
all busy for a long time yet. For
example, what are all the mystery
genes doing — the numerous
predicted genes that have no
informative sequence similarities,
nor any obvious phenotypes in
knockout experiments? A strong
possibility is that many are
involved in biotic interactions —
how organisms deal with
predators, prey and pathogens –
which is one reason why my
laboratory now works in this
area.
At a more analytic level, there
are big challenges in trying to
make global sense out of the
very complex interactions
involved in transcriptional
control, or in the cross-talk within
and between signal transduction
pathways. 
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Also known as? Snapdragon.
The large brightly coloured
flowers of this plant are thought
to have led to its cultivation, from
Roman times. Still a common
garden feature, today hundreds
of cultivated varieties are
available. Antirrhinum means
‘snout-like’, referring to the
flower shape, thought to be an
adaptation to bee pollinators. The
upper and lower halves of the
flower can be separated by a
landing insect to open the
‘mouth’. This is noted in most
common names for Antirrhinum,
translations of which include
‘wolf-mouth’, ‘lion-mouth’,
‘rabbit-lips’ and ‘goldfish flower’.
Snapdragons and pigeons? The
incredible variation in floral
characteristics has attracted the
attention of many eminent
scientists over the last 150 years,
including Mendel and Darwin. In
‘Variation of Animals and Plants
under Domestication’, Darwin
described the inheritance of
different shaped Antirrhinum
flowers and several colour variants
along with weird and wonderful
pigeon breeds. 
A useful instability? Many
snapdragon floral phenotypes are
genetically unstable, a feature that
attracted researchers such as de
Vries, Bateson and Baur in the
early 1900s. This instability is
caused by transposons jumping in
and out of genes, and Antirrhinum
provided a good model for
investigating transposon behaviour
in the 1970s. The transposons
behind genetic instability in
Antirrhinum were cloned in the
1980s, enabling transposon-
tagging approaches to gene
isolation. Unstable mutants can be
used to generate new alleles which
enable the functional dissection of
a locus. Somatic excision of
transposons can give sectors of
different genotypes within a single
plant. This has been used to
determine whether genes function
cell-autonomously, providing
insight into cell–cell
communication. Sectors have also
been used to investigate organ
development by clonal analysis. 
What tools are available?
Although the Antirrhinum genome,
about three times larger than that
of Arabidopsis, has not yet been
sequenced, many useful tools for
genetic and molecular analysis
have been developed. Over 750
mutant lines are available, DNA
from many of which has been
combined in pools along with
samples from thousands of
transposon-mutagenised plants;
this enables efficient reverse
genetics screening for transposon
insertions in genes of interest.
There is also an EST collection of
~12,000 unique sequences, a
molecular linkage map and an
array of libraries. Antirrhinum is
relatively easy to cultivate and a
single generation can be grown in
three months.
What have we learnt from
Antirrhinum? From biosynthetic
pathways to developmental
mechanisms, Antirrhinum has
made important contributions to
plant biology. Particularly strong
areas of research include the
regulation and biosynthesis of
pigments and scents. Antirrhinum
research helped lay the
foundations of plant
developmental biology.
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Colour variation in an array of Antirrhinum
inflorescences (Photograph courtesy of
Karen Lee).
Developmental mutants have been
used to investigate the genes and
mechanisms controlling cell, leaf
and flower shape, flower
organisation and plant
architecture. With studies in
Arabidopsis and other species, this
work has also begun to reveal the
levels of evolutionary conservation
within the flowering plants and
even outside the plant kingdom. 
What does the future hold for
Antirrhinum research? In
addition to its continuing role as a
genetic model for plant biology
and development, several new
experimental avenues are
beginning to be explored with
Antirrhinum. A major challenge in
biology is to link variation at the
molecular level to phenotypes and
to the evolutionary and ecological
significance of a trait.
Comparisons of closely related
taxa can be especially informative
about microevolutionary
processes, and Antirrhinum is an
excellent model for this kind of
analysis. About 18 wild
Antirrhinum species are found in
South-West Europe and Northern
Africa: these display considerable
variation in these traits, including
flower colour patterns, flower and
leaf shape and size and plant
growth habit. Usefully, most of the
species are interfertile, and so
amenable to genetic analysis. This
makes it feasible to identify and
isolate genes that underlie species
differences and to test the
adaptive importance of traits. 
Antirrhinum is also embracing
the technology age: a virtual
snapdragon project is currently
underway. It is hoped that
modelling the growth and
development of Antirrhinum will
provide insight into the patterns
and processes underlying plant
development. Here’s to the next
150 years of Antirrhinum
research!
Where can I find out more?
http://www.antirrhinum.net
Schwarz-Sommer, Z., Davies, B. and
Hudson, A. (2003). An everlasting
pioneer: the story of Antirrhinum
research. Nat. Rev. Genet. 4, 657-
666.
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What is Physcomitrella
patens? A moss which is proving
to be a useful new model plant
species, one that is increasingly
being used in experimental
studies.
What place have mosses in the
wider scheme of things? They
are plants, though rather different
from the seed plants which
usually come to mind when we
think of plants — the flowering
plants, such as the weed
Arabidopsis, or conifers, such as
the Christmas tree. Mosses do
not have flowers, vascular tissue
or seeds; they are thus grouped
into a different subdivision of
plants — of which there are four
in total — from the flowering
plants. Mosses and liverworts
used to be placed in the same
phylum, but they are now
generally regarded as being
sufficiently different to be placed
in two distinct phyla: Bryophyta
and Hepatophyta, respectively.
Mosses have evolved with little
change from the first land plants.
and include about 24,000
different living species.
A tiny plant, upside-down... All
plants develop from single cells.
In seed plants, these zygotes
develop into embryos which
become encapsulated in seeds
for dispersal. Mosses produce
spores not seeds. What makes
the difference? Plants show an
alteration of two generations:
one, the gametophyte, is haploid
and produces sex organs and
gametes — sperm and egg cells
generated by mitosis. As in
animals, sperm fertilize egg cells
to produce diploid zygotes which
subsequently grow into embryos.
These embryos produce the
diploid sporophyte generation,
which produces haploid spores
by meiosis. 
Spores give rise to the next
gametophyte generation. In seed
plants, the gametophytes are
reduced to a few cells which only
specialized botanists can find;
the dominating generation is the
diploid sporophyte. In
bryophytes, including mosses,
the dominating generation is the
haploid gametophyte and the
sporophyte is a reduced
structure, which is completely
dependent on the gametophyte
(Figure 1).
So, very early in land plant
evolution, a major decision was
made: whether to grow in the
diploid sporophyte stage, as in
seed plants, or in the haploid
gametophyte stage, as in the
mosses. This is probably one of
the reasons why mosses are too
small to be used as Christmas
trees.
So why the interest in
Physcomitrella patens? The
haploidy of the predominant
gametophyte generation in mosses
provides technical advantages. In
haploid organisms, we do not need
to be concerned with genetic
dominance, as we cannot have
heterozygous haploid tissue. As a
consequence, a loss-of-function
mutation in a gene cannot be
compensated by a functional allele
on the homologous chromosome,
as there is no homologous
chromosome in a haploid cell.
Thus, altering or destroying a gene
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Figure 1. 
(A) A Physcomitrella sporophyte devel-
oping on a leafy gametophyte. (B) The
life cycle of a moss (see text for details).
The photo in (A) was taken by Manuel
Mildner.
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